P neumonia is a common reason for hospitalization among the elderly. A frequently used classification system is based on where patients contract pneumonia, ie, in the community or in a nursing home. There have been few recent large-scale studies comparing patients hospitalized with communityacquired pneumonia (CAP) to patients hospitalized with nursing home-acquired pneumonia (NHAP). Previous small studies have reported that patients with CAP are younger, 1 have less cognitive impairment, better functional status, 2 lower prevalence of cerebrovascular disease, and higher prevalence of COPD 3, 4 than patients with NHAP. The most frequently reported pathogens among patients with CAP have been: Streptococcus pneumoniae, viruses, Mycoplasma pneumoniae, aspiration flora, and Haemophilus influenzae. 1 In contrast, the most frequently reported pathogens among patients with NHAP have been the following: aspiration flora, viruses, S pneumoniae, Staphylococcus aureus, and aerobic Gram-negative rods. 1 The in-hospital mortality rate has been reported as being higher in patients with NHAP than in patients with CAP. 2, 3 Previous studies have not focused on process of care performance in comparing patients hospitalized with CAP or with NHAP.
In this study, we set out to compare the performance of the following three initial processes of care: (1) timing of antibiotic administration; (2) collection of blood cultures; and (3) oxygenation assessment in a large contemporary cohort of elderly (Ն 65 years) patients hospitalized with CAP or NHAP. These care processes are thought to influence clinical outcomes and are recommended in practice guidelines of the American Thoracic Society 5 and the Infectious Diseases Society of America. 6 In addition, we set out to confirm previously reported differences in patient characteristics, in-hospital complications, and outcomes of care in the two groups of patients. To accomplish these goals, we analyzed data that were abstracted from hospital medical records in a statewide quality improvement project conducted by Qualidigm, the peer review organization for the state of Connecticut, and by the Connecticut Thoracic Society.
Materials and Methods

Sample Selection
Potential pneumonia cases (n ϭ 2,200) were selected randomly from part A Medicare claims indicating hospital discharges during the period January 16, 1995, to March 15, 1996 . Approximately 70 potential pneumonia cases were selected from each acute-care hospital in order to identify 50 study set cases per hospital after the application of confirmational exclusion criteria of confirmation of disease and a secondary diagnosis of pneumonia. Seventy cases were chosen based on a 28% exclusion rate from a previous Qualidigm pneumonia study. 7 Potential cases were selected randomly from those institutions with Ͼ 70 cases during the observation period. A 100% sample of cases was selected from those institutions with Ͻ 70 cases during the observation period. Each case had a principal discharge diagnosis of pneumonia (International Classification of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM 8 codes 480.0 to 480.9, 481, 482.0 to 482.9, 483.0 to 483.8, 485, 486, 487.0, and 507.0]) or a principal discharge diagnosis of respiratory failure (ICD-9-CM code 518.81) and a secondary diagnosis of pneumonia. The claims-based diagnosis of pneumonia was confirmed or rejected using variables abstracted from medical records and the following criteria. Case confirmation required that the patient have an appropriate ICD-9-CM code, a clinician-documented initial working diagnosis of pneumonia, and a chest radiograph performed within 48 h of hospital presentation that was reported as being consistent with pneumonia. Chest radiograph findings were interpreted as being consistent with pneumonia if they included any of the following terms: pneumonia, air bronchogram, airspace disease, consolidation, infiltrate, inflammation, opacity, and pneumonitis. Exclusion criteria were patient age Ͻ 65 years, acute-care hospitalization within the previous 10 days, known infection with HIV or a known diagnosis of the AIDS, history of organ transplant (heart, lung, liver, kidney, or bone marrow), exposure to chemotherapy or immunosuppressive therapy within the previous 2 months, transfer from another acute-care or chronic-care hospital, and death or transfer out on date of admission. A chronic-care facility was defined as a long-term care, psychiatric, or rehabilitation hospital, a hemodialysis unit within a hospital, or an inpatient hospice facility. Finally, patients who met all confirmation criteria and who had no exclusions were categorized as having either CAP or NHAP on the basis of their admission source, ie, from a home or noninstitutional outpatient setting (CAP) vs from a skilled or intermediate-care facility (NHAP).
Hospitals
In 1995, there were 34 acute-care hospitals in Connecticut. Thirteen had no medical school affiliation or residency program. Eleven were affiliated with a medical school and/or had a residency program and were members of the Council of Teaching Hospitals of the Association of American Medical Colleges. Ten were affiliated with a medical school and/or had a residency program but were not members of the Council of Teaching Hospitals. There were 12 small hospitals (ie, Ͻ 150 staffed beds), 18 mid-sized hospitals (ie, 150 to 400 staffed beds), and 4 large hospitals (ie, Ͼ 400 staffed beds). All of the hospitals had ICUs.
Data Collection
Hospitals were requested to provide copies of the medical records of potential cases. Data were collected by trained medical records abstractors using an electronic data collection instrument at the clinical data abstraction center (FMAS, Inc; Baltimore, MD). Abstracted data were merged with hospital claims data that were provided by the Health Care Financing Administration (HCFA). The reliability of data abstraction was tested by randomly selecting a subset of 115 cases for independent data collection by a second abstractor. statistics 9 were calculated for pneumonia confirmation and exclusion criteria, clinical characteristics, and process of care performance. Time to the administration of antibiotics was converted from a continuous variable to a categoric variable (ie, within 8 h after hospital arrival) for these calculations. The statistics ranged from 0.36 (chest radiograph report consistent with pneumonia) to 1.00 (history of organ transplant) for confirmational exclusion criteria, from 0.52 (history of chronic renal disease) to 1.00 (history of liver disease) for clinical characteristics, and from 0.79 (oxygenation assessment) to 0.97 (blood culture within 24 h) for processes of care. These statistics indicate moderate to excellent interabstractor agreement with the exception of the chest radiograph interpretation, which had fair interabstractor agreement. For this variable, we calculated an adjusted 10 that adjusts for the prevalence of abnormal chest radiographs and for abstractor response bias. The adjusted statistic for chest radiograph interpretation was 0.84, indicating excellent interabstractor agreement. Power calculations performed prior to analysis documented a 99 to 100% ability to detect an absolute difference of 10% in process of care performance rates between the two groups with 95% certainty (␣ ϭ 0.05). Performance rate estimates were based on Connecticut performance rates from the Medicare Quality Indicator System Pneumonia Module of the HCFA. 11 
Data Elements
The following four categories of variables were used in this study: case confirmation and exclusion criteria; patient characteristics; processes of care; and outcomes of care. Case confirmation and exclusion criteria variables were listed previously. Patient characteristics included demographics (age, race, gender, and site of residence), comorbid illnesses (cerebrovascular disease, congestive heart failure, neoplastic disease excluding skin cancer, liver disease, and renal disease), physical examination findings (abnormal mental status, temperature, heart rate, respiratory rate, systolic BP, ambulatory status, and urinary incontinence), and laboratory values or test results (arterial pH, BUN level, sodium level, glucose level, hematocrit, Pao 2 level, serum albumin level, and pleural effusion on chest radiograph). The physical examination and laboratory values used were the first recorded findings in the initial 24 h after hospital arrival. Abnormal mental status was defined as behavior that was confused, inappropriate, incomprehensible, or nonresponsive to verbal interaction. Chronic dementia was not abstracted. If the patient's ability to ambulate or if the level of urinary continence had changed as a result of acute illness, premorbid mobility and continence status were recorded. All severity-of-illness variables were taken from abstracted data elements. Process of care variables included the hospital arrival date and time, the prearrival receipt of antibiotics, the presence of advance directives, the date and time of the initial hospital antibiotic administration, the date and time of blood culture collection, arterial blood gas collection within 24 h of hospital arrival, and pulse oximetry performance within 24 h of hospital arrival. Hospital arrival was captured as the earliest recorded date and time documenting the patient's presence at the hospital, regardless of when the patient was admitted to the hospital, and whether the patient was admitted through the emergency department or as a scheduled admission. Do-notresuscitate (DNR) orders and code status were not abstracted due to interhospital variability in definitions and documentation. Outcome variables included the date of hospital admission, the date of discharge, the date of death, and the occurrence of in-hospital myocardial infarction, stroke, deep venous thrombosis, and pressure ulcer development.
Data Analysis
Frequencies were calculated for all continuous and categoric variables; medians were calculated for all continuous variables. Differences in frequencies between the CAP and NHAP cohorts were assessed with the 2 test, or with the Fisher's Exact Test when the number of patients in the NHAP group was less than five. Differences in median age and median risk score were assessed with the Wilcoxon rank sum test. All tests of statistical significance were two-tailed. The process of care performance was measured in each group by determining the proportion of patients that received the process of care within a designated time frame as follows: (1) antibiotic administration within 8 h of hospital presentation; (2) blood culture collection within 24 h of hospital presentation; and (3) oxygenation assessment within 24 h of hospital presentation. Zero time for each process of care was arrival at the hospital. Patients with inadequate documentation of dates or times for hospital arrival or process of care performance were excluded from the analyses. Each patient's risk of inhospital mortality was assessed with a validated pneumoniaspecific mortality risk index. 12 Patients were assigned to one of four risk categories based on the presence of three demographic characteristics (age, gender, and nursing home residence), five comorbid illnesses (neoplastic disease, liver disease, renal disease, congestive heart failure, and cerebrovascular disease), five physical examination abnormalities (vital signs and mental status), and seven laboratory or radiographic findings (arterial pH, BUN level, sodium level, glucose level, hematocrit, Pao 2 level, and presence of pleural effusion). The in-hospital mortality was stratified by mortality risk class. The hospital length of stay was calculated as the admission date minus the discharge date plus one minus the admission date. All calculations were performed using computer software (SAS, version 6.11; SAS Institute; Cary, NC).
Results
Identification of Study Sets
There were 2,200 potential pneumonia cases selected on the basis of ICD-9-CM codes. Of these, 1,978 patients (89.9%) came from home or from a nursing home. An initial working diagnosis of pneumonia was found for 1,977 patients (89.9%), and a documented chest radiograph finding that was consistent with pneumonia during the first 48 h of hospitalization was found for 1,823 patients (82.9%). There were 1,822 patients (82.8%) who had a specified ICD-9-CM code and were admitted either from home or from a nursing home and who met both of the pneumonia confirmation criteria. The most frequent reasons for exclusion were immunosuppressive therapy (4.7%), chemotherapy (2.4%), and hospitalization in the previous 10 days (1.3%). After applying the exclusion criteria, there were 1,659 pneumonia patients (75.4%); 1,131 patients (51.4%) with CAP and 528 patients (24.0%) with NHAP.
Reasons for exclusion from the study differed between the two groups; immunosuppressive therapy and chemotherapy were more common in the CAP group than in the NHAP group (6.4% vs 2.6%, respectively; p Յ 0.001; and 3.3% vs 1.1%, respectively; p Յ 0.001), whereas readmission within 10 days was more common in the NHAP group than in the CAP group (3.3% vs 0.6%, respectively; p Յ 0.001). The proportions of patients who met all confirmation criteria and who had no exclusions were similar in both the CAP and NHAP cohorts.
Patient Characteristics
The median age of patients with CAP was lower than that of patients with NHAP (80 vs 84 years, respectively; p Յ 0.001). The median age of men and women with CAP was the same (80 years); however, men with NHAP were younger than women (82 vs 85 years, respectively; p Յ 0.001). A history of cerebrovascular disease, abnormal vital signs, altered mental status, and impairments of functional status (urinary incontinence and dependence on others to ambulate) were more common in NHAP patients (Table 1) . Laboratory evidence of acidosis, dehydration, and poor nutritional status were more common in NHAP patients, whereas, hypoxemia was more common in CAP patients. There were more NHAP patients than CAP patients with at least one comorbid illness (60.2% vs 45.6%, respectively; p Յ 0.001), at least one vital sign or mental status abnormality (74.2% vs 39.1%, respectively; p Յ 0.001), and at least one laboratory test abnormality or pleural effusion (87.9% vs 78.6%, respectively; p Յ 0.001). The median mortality risk score was higher for patients with NHAP than for those with CAP (137 vs 100, respectively; p Յ 0.001), even after subtracting the 10 points that are attributable to nursing home residence (127 vs 100, respectively; p Յ 0.001). Pa- 12 There were no risk category I patients (age Ͻ 50 years with no comorbid illnesses, and no aberrant findings on physical examinations, laboratory tests, or radiographs).
tients with NHAP were more commonly treated with antibiotics prior to hospital arrival than were those with CAP (39.8% vs 22.6%, respectively; p Յ 0.001) and had advance directives documented in their hospital record more frequently (6.4% vs 2.7%, respectively; p Յ 0.001).
Initial Blood Culture Results
The results of blood cultures were positive in 7.1% of all patients (118 of 1,659 patients) ( Table 2 ). Among patients who had blood cultures collected before antibiotic administration, 11.2% (59 of 525 patients) had positive results of cultures, whereas 5.9% of patients (26 of 525 patients) who had blood cultures collected after antibiotic administration had positive results of cultures (p Ͻ 0.01). There were no blood cultures drawn in 20.9% of patients (348 of 1,659 patients), while another 20.9% of patients (348 of 1,659 patients) had blood cultures performed but had unclear documentation of the timing of those cultures. Pneumonia pathogens were identified from blood cultures in only 3.4% of all patients (56 of 1,659 patients); contaminants were identified from blood cultures of 3.7% of all patients (62 of 1,659 patients). The diagnostic yield of blood cultures (the number of patients with cultures that are positive for one or more pathogens per the number of patients from whom blood was drawn) was only 4.3% (56 of 1,311 patients). Contaminants were isolated with equal frequency in patients with CAP or NHAP. The most frequently identified pathogens in CAP patients were S pneumoniae and Gram-negative rods. There were no predominant pathogens identified in the blood cultures of NHAP patients.
Process of Care Performance and Outcomes of Care
There were no significant differences in performance rates between the CAP and NHAP groups for antibiotic administration within 8 h of hospital arrival (76.8% vs 76.3%, respectively; p ϭ 0.82), blood culture collection within 24 h of hospital arrival (78.1% vs 81.1%, respectively; p ϭ 0.31), or oxygenation assessment within 24 h (94.7% vs 95.3%, respectively; p ϭ 0.70) ( Table 3 ). The median time to the initial administration of antibiotics was slightly longer in patients with CAP than in patients with NHAP (4.9 vs 4.2 h, respectively; p ϭ 0.01).
The in-hospital incidence of complications was low (Table 4 ) except for the development of new pressure ulcers (overall incidence, 11.9%). This complication occurred more frequently in patients with NHAP than in those with CAP (23.9% vs 6.3%, respectively; p Յ 0.001). The aggregate in-hospital mortality rate was higher in the NHAP cohort than in the CAP cohort (19% vs 8%, respectively; p Յ 0.001). Patients with NHAP had consistently higher mortality rates than patients with CAP within all risk classes and in the aggregate. However, the only statistically significant mortality rate difference was in the aggregate (p Ͻ 0.001). The median length of stay was the same (7 days) in both groups. However, there were fewer NHAP patients with a length of stay Ͻ 5 days (17% vs 24%, respectively; p ϭ 0.01).
Discussion
In this statewide assessment of pneumonia care, we have demonstrated that elderly patients who have been hospitalized from the community or from nursing homes have similar rates of initial processof-care performance. We found no differences in antibiotic administration within 8 h of hospital arrival, blood culture collection within 24 h of hospital arrival, or oxygenation assessment within 24 h of hospital arrival between the two groups of patients. Our process of care performance rates are consistent with the 1994 to 1995 Connecticut performance rates from the Medicare Quality Indicator System Pneumonia Module of the HCFA. 11 The absence of differences between the two groups is encouraging as these processes are basic elements of the initial evaluation and treatment of any patient who would be hospitalized with pneumonia.
Consistent with previous studies, 2, 4 we found that NHAP patients were older, had more comorbidity, and had more abnormalities found in physical examinations and laboratory tests than CAP patients. Except for hyponatremia and hypoxemia, clinical and laboratory abnormalities occurred with equal or higher frequency in the cohort of patients with NHAP. A higher prevalence of altered mental status, cerebrovascular disease, and impaired mobility in NHAP patients has been reported previously. 2, 4 The results of our study confirm these findings and demonstrate that patients with NHAP also have a higher incidence of urinary incontinence, tachypnea, hypotension, and laboratory signs suggesting dehydration and malnutrition. These findings reflect the higher burden of chronic and acute illness that is found in patients with NHAP. We also found that antibiotics had been administered to patients with NHAP before hospital admission more frequently. These results conceivably could be explained by nursing home patients presenting to the hospital later in the course of their illness, after failing a course of antibiotic treatment in the nursing home. Consistent with previous studies, 13, 14 we found that advance directives were documented infrequently in the hospital charts of patients with either CAP or NHAP.
The culture results from our study are consistent with previous observational studies reporting the frequency of blood culture collection and the identification of pathogens among elderly pneumonia patients. [1] [2] [3] [4] We also have documented a high rate of apparent contamination of blood cultures in our study. This may point out a need for an improvement in culture collection techniques. Additional noteworthy findings of our study were the relatively low †The denominators used for in-hospital mortality rates in each risk class were the numbers of patients assigned to that risk class. Risk scores were calculated using the method of Fine et al. 12 There were no risk class I patients (age Ͻ 50 years with no comorbid illnesses and no aberrant findings on physical examination, laboratory, or radiographic findings). overall yield of blood cultures and the difference in yield between blood cultures collected before and after antibiotic administration. Previous studies have documented rates of positive blood cultures of 6 to 16%. 15 Our overall rate of 7.1% is consistent with these studies and may be explained in part by a high rate of prehospital antibiotic treatment (overall, 28.1%). The differences in yield between blood cultures collected before or after antibiotic administration highlights an additional opportunity to improve this process of care. The in-hospital mortality rate was higher in NHAP patients than in CAP patients in mortality risk classes III, IV, and V, although the differences were not statistically significant. Overall, the in-hospital mortality rate was significantly higher in patients with NHAP, although the overall mortality rate was not risk adjusted. Previous studies [1] [2] [3] [4] have reported higher overall mortality rates in NHAP patients but have not compared the two groups across mortality risk strata. We found similar median lengths of stay for patients with NHAP and patients with CAP, but the proportion of patients with the shortest lengths of stay (Ͻ 6 days) was higher in the CAP group, probably due to the lower severity of illness on admission in this group. The incidence of in-hospital complications was low except for the development of pressure ulcers in patients with NHAP. This is probably explained by a higher prevalence of risk factors for the development of pressure ulcers 16 (eg, immobility, urinary incontinence, altered mental status, and malnutrition) among patients with NHAP. In a previous study, Marrie et al 4 reported other in-hospital complications in elderly patients who were hospitalized for pneumonia (ie, secondary infections, GI bleeding, respiratory failure, and renal failure). Since our database had been assembled for another purpose, these outcomes were not abstracted from the patients' charts, and we were unable to assess their occurrence.
There are several unique strengths to this study. Our state-wide assessment of hospital care allowed for a comparison of much larger groups of patients with CAP and NHAP than in previous studies. [1] [2] [3] [4] In addition, our observational study design allowed for an assessment of patient characteristics and practices that is likely to be more reflective of real-world care than the data collected in research protocols would be. We collected detailed information from medical records with a high degree of reliability, and we assessed severity of illness with a validated pneumonia-specific index. 10 There also are limitations to this study. The observational study design could have introduced bias that we were unable to adjust for with our pneumonia severity-of-illness index. Patient and family preferences for treatment were not captured in our study, and these could have influenced the performance of other processes of care that, in turn, could have impacted on patient outcomes. Very few patients had documented advance directives, and DNR orders and code status were not part of our database. Patients with advance directives, DNR orders, or less than full code status could have received less aggressive testing and treatment in accordance with patient and family wishes, and these confounding factors could have been unequally distributed between patients with CAP and NHAP.
In summary, we have found that elderly patients hospitalized with CAP received similar initial hospital care to patients hospitalized with NHAP. In addition, we have confirmed in a large contemporary cohort that patients with CAP were younger, were less acutely and chronically ill, and were less likely to develop in-hospital complications or to die in the hospital.
